Solar cells have the remarkable ability to cor^vert sunlight directly into 
electrical energy. They do so without producing pollution or noise. And 
they last many years. 

Thi^ Mini-Notebook explains how you can use arrays of solar cells to 
produce electrical power to operate small motors, electronic circuits and 

other projects. It also shows 
how you can use solar cells to 
charge storage batteries. This 
means you can store the 
power of sunlight during the 
day and use it to power your 
projects at night. Solar cells 
also make great light sensors. 
This Mini-r^otebook shows 
how to use solar cells to trigger 
relays, measure fight, control 
tones and detect objeas. 





M. Mims m 



M. Mims Ul hai written dozeni oi book^ for PadloShaclf. He personally builds 
uii in his beat selling Ertpjneef 's Mini- Not ebook «riev He ihen uses s 0.7rnm 
I pen<il 10 create pages for the finished book 



ng tiny inslrumenla for model rockets, travel aids for xUe blind and high-power 

how Forresl goT his start in electronrca When he's rol writing fladio^hack books, 

p writpi magazine anides and teaches eMperFineriial science at the University of ihe 
hj'^lion^ m Hawaii. 

Forrest a1&Qdoes Kicntrfic studies of sunlight, Ihe atmosphere, mosquitoes and bacteria 
using Instruments he designs and makes. A simple instrument he developed to measure 
the ozone layer earned hirn a preiitiqrou^ Rolex Award NASA has senT Foirest and his 
inslrumenis to wverai of ihe Western Stales and twice IQ Bfazjl to measure the effects of 
smoke from gfant flres, 

Forrest Is a member of the Institute of Electrical and Electronics Engineers, the National 
Science Teachers Associalinn and several scientific socielles- He lives in Teitas with his wife 
Minnie and iheir younger daughter Sarah, 
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- projgfts: 

• Battery charger 

• Light meter 

• Radiometer 

• Soiar-powpred 
I motor 

• Light -triggered 
relay 

• Break-beam 
systems and 
mose. 
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LtcTRflMiC; pftitTs hIm "mi's , acD.K.ARe..Aimt/-A&.s^ 

I_;_{FRbM I^ADioSmACK stores Oft FR.OM RADrOSHAClK !. . 

^ bJJLiM^TtO ^Oh\^ PftB.TS KA»/£ W£>AE TH>**J 0M£ 

_btSlGWATlOW, f OR eXAMpt.£ ^ THE. poPutfift. ihillie. . ., 

bit. IAPS211Z A^sjD TH£. i 
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15 eooK i^aCLuoeS stAWDARO circuits A^J&CJRc(JlTS 

ESiGWtD By FORREST W^MlMSm* EACW CJRCuiT WAS 
UluT AkJD TESTeO At L£A^T TWitiE, VAa^AxlOWS . 
COWPOMEWTS AhJO CON=.Tft^riDNf METHODS 
_£IV£ R-E-SULTS THAT blPFER FBon^ t>^oS£ D£sCP.<g£D,_ 



I HER£. ThgREPoRt r^e fluTkOR AWD RA0JO£HACK ... 

, ARE /^OT ftESPOWSifitE F0£ 7>4£ SOrTAe/L;rV OF THE. 

ClfcCuiTS FOi^ AkjV APPLIcAT/OAJp SlWCf w£ HAi/£ ._ 
_ 1^0 C^hiTi^DL OVER THC- US£ OF iMfO^MTIOK TMlS 
-BfioK, W£. ASSUME M6 LjASJLiT^ PoR SDCH uS£.^ 

IS youR, RESPowsigiLiTV to DEt^rmiw^ if ;_ 

!&EV^C£ BASED OM I^OPoRmATIdW IM THiS Book ^ 
. -SlfirtTS. . . . . _ 
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Due to the mamv i^jauiR-its fteceiv£D fiv tt+e 

MJTHOR AmD RAOiOSHACK , /T lE IMPO SS/ TO 
PRoyiDE Ci;STOM circuit DESJS/jS AuD THCHfrJICAi. , 
A&VVCE. VDl^ CAW LeAfc/J MORE AEauT e^eCTS^^JlCS 
£V R£AC>/M6 ELECTfiiDMiCS MASAllNfeS. ALSO S£E 

Radfdsmack^s '^GErrif^c started iN SlEctrq/^k^ , 
And otmEr M[wi-wf>T£eooK5 fM -mis series- vou 

CAkJ also FlMD ImF0PMAT?OAJ OM THE-jIwreRMtX , 

fE-WSfSROUP SC.^ Electrowics.. . ! r- 
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SOLAR EKERGV WWLESTONESr 
ENERGY FROM THE SUN 
THE SOLAR CONSTAI^T 

Solar comstanjt table 1-1 

SUNLIGHT AND ATMOSPHERE 




SOLAR CELLS 



HOvJ SOLAR CELLS VAJOftK 
-SOLAGi. CELL EFFiEWCV 
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JSILICOW SOLAR CELL RAT.INJ.SS^. l . .„Lj_tt4 




SILICON SOLAR CELL VOLTAGE . . 
IWCflEASlMS SOLAR CELL \JQ.LrAG& 
SiLlCOW SOLAR CELL CURR6mt 

U- ^ -jwcftEAsiwG S6LAR CELL Current 

.SOLCiERlMiS LEADS TD SOLAR CELLS 

SOLAR CELLS 

_AduawtAg£s of Mounted c^lils I 
Installing cells in An emclosu^e 
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^A0U^JT1M(S SOi-AP. C&1.LS 0/0 A 
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:SOLAR CELL CONiCEMTRATORSzo 

PARABOLIC replEctor . , . , - . %a 
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u-FRESWE-t. LEWS 

I irRou^H concentP-'Vtor 
Box cowcemtrator. 
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:SOLAR CELL BATTERY CWA?^£ERS 

STORASt EAtteRY F^ecAUTiOMS 22-13 
SOLAR Ce.LL EA-n&PV CHAR&eR , , 14 
M.OI0ITOftlW6 A SOLAft CHARGe.fi. 




IpC^ A SOU^,CEU-.lWTO SPActi"^^< 
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SOLAR POWEI^ED MOTORS 

HIGHER PoiuER SOLAR MoTOR. T 
Ei£veRS[ELa SOLAR MOTOR ! , , , 
SOLAft Moron. W^TH EATrEftV &\CifUP j 

SOLAR ACTUATED FACTORS 

p0Uj£R f=ET ACTUATOR Li) 
TRftN^^SToR ACTUATOR 
PO^WER FtT ACTUATOR C^-^ 
0PAMP-POUJG.R PET ACTUATOR 

^SOLAR CELL LIGHT METERS 

Light METER C^oltAcSE t^pe) 

UGHTm£t£R CCuRREajJ ,TVP£) _ 
^OLAR. CELL fi.A0lOM£T£R I J 
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LIGHT ACTU^TED RELAX 
-BREAK- BEAM DETECTIOW f 

.ST£ADV-STAT£ EREAK-EEAMSVSjieifeL 

PULS£0 BREAK-SEAM SYSTEM 1 

pULSEO E.R.EAK-BEAin TP-AMSMiTTER 
PULSED eREAK-SEAM RecE.iwEE. ■- 



SUN POWERED TONE GENERATOR^ J 

... 50LAR Po^aJERED PlE'Z.O BU2Z£R . \ \ 

, SOLAR POwEB-eo DUAL O^Cli^LATpA 

, SOLAR Poyj£P-eD £5S O^CJLLATOR 

_, SOLAR P0VJ£R£D CLlCKtRS; 
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.IGHT CONTROLLED TONE 

_ UC=\Ar C0WTROLL£0 SSS OSCILLATOR 
. U^GM- GAW LIcSMT CoWTftoU-ED TOM£ , 

remote controltestersI 

Pltzo AMD NMiSWETiC TESTERS 

trAms^stor demote coMrRDf- tester. 
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OLAR POWERED iaiGWT.HGrUT 

-KH-^f-++++H-t H i I i I 114 



TNiTRODUCTlONi: 

5OLl0-^TA.T£ PWOTOUOLTA^C SOLAR CEtH, 



TRaMSFORM. SuhJLlGHT DiRECTL^ ^MTO — 
I iELECTMClTW. THEV ARE KNAO SlG THE r^OSTI — 
UMPdRT/VWT SUMLLOHT-TD- ELECTRICITY 

SCpKiWERTEfLS.- TiAAT , hAY£.-&e£l.l j l/jJUEWTl 

J _ _ .!_____.!.., , - H-- L 4 




_POi^£R &EMER.ATION IS FAR TKE MOST t 

JMPORTAWT APPLlCATlOrA FoR SOLAR CELLS. 
i__AMO ARRAV5, THEREFORE THIS MlMl-MOTE£t>C^ 
ll>iCLuD£S BASIC IMPORMATIOM ASclit THE ; 

SUN AhUD Solar emergy. kovjj solar. CeijL,S- 

Ai^C) SOLAR CELL ARRAV5 ARE USED TOL.^ 
CHARGE STORAGE SAtTERLES AwD .Tti-j- 
._DiR6cTLV PovjER S^3i^...CiR<;u4rS..|i.^ -iAtSOj 
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JT'S IMPORTA/JT TO KroOW THAT SOLAR. C£LLSl 
.HAVE tulAKlV APPLICATIONS UM RELATED TO 
SOLAR PDiAJER. THIS IS BECAUSE SOLAR. - 
CELLS LOORK VERV UjELL AS R&LATWELV 
iMEXPENiSvv/E A/^D SEM5IT\i/£ LliSMT 5E/0SOR5- 
TOlS MlMl-r^OTEEoOK, OEScRiSES MAmV USES 
FOR SOLAR C£U_S AS LISMT SE^iSORS. 
^VARIOUS CjkCulTS THAT USE SOLAR GElUS 1__ 

■AS ,U*aHT , 3EKSQRS .ARE AiSO .<i>\V.&Js^. 
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1, CHAR<SE STOftAeE...-!Ju-De.TtCTi— SumLKSMT.I 

. &ATT£iHE5- -. i : :..3^D£TECt HtSRT FR6K 

2. PO^oER ciR,c*>iTS<-H-i-l-LEOs LAMP& AmD 

P_"RECTLY. _L-;-U-^tH£R SOURCES.... 
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S£[> SUMLlSWr TO WAftM.TWElR KDM£S. 
SOCRAXeS CH-?0-3^<^ B.C) TAUGMT THE 
IMPORTftMCE OF PLAcit^Q hlOM&S SO THt ■ 
SUM'S RAVS COULD W/AE3.M TWE; 



AllCMiM£DtS IS R&PO£T£D TO RAvE 
J&,MIT£D IMVAbiUi£, lioMAM SHIPS BV: 





Diamond meltGd (it^^s) — tiajo italiAw 
-A oiAMowt) US1M&. Focused sj/ol^cSht- 



- -XWEK\ST AMTOIrOE- LAuREMT LAvOl^lER 
"WOE. A SOLAR PuRMACE ^AT MELTED 

Solar -PowEfi^D PrimtkocS press (X8"?e)- 

A LAl^e PARA60UC R£PL£CTOR COLLECTED 

EMOUiH SuwHiSMT TO Pow£R A PR^NJ.TiMfi Pft.£G5. 
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OLAR ST£A,M Cl^Ol)- A- G- ErJEAS 

bESlcSwED A SOLAR STEAn\ E\JiSj/\je THAT 
PUMPED IRRIGATION W/ATER iw ARfZowA^ 
SuMUcSMT wAs COLLECTED ij"'86 MiRRoRS 

iwstAllEo |w a Fixture tmat resemSlED 

A *i/AMT UM.B££LLA F££T C^toUT lo 
.>l£.T£RS) IW DIAMETER. ; ■ ; j ._|._^ | _j, 

_;scLAR ewg^me C^'^'^e)"^ eovles awd 

H.E. wiLLSie. OEmom StRATECj a IS-MRS.E- 

PowE-R E^oo-iwE PdluEre& Pools of 

UjAtE-R TWAT CAPTufcED Asj D StoR&O THE 
K£AT F-RdM . SUAjLLi&HT . ... 
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■S.OLftR ELECTRlCAAl- fcAiil^ti^ls!)-^ ^RAfcUd 

,SWUM.AW AMD C.\J. SONS 6UILT THE WOBLO'S . 

.FIRST SOLAR-PoUJERED ELECTP-ICAL Plamt 
(OEAR CAIRO, e<SVPT. THE IAU6E FACILITY 
USED SEWEW SOLAR COLLECTOR.5 , EAC^ 

■lO^ F££t (about t-Z. WEtEPLs') LoioA. THE 

.COLLECTORS HAD A TOTAL Af^EA oF 13,000 
,^auARE F£ET CABOut I,Zo6 SQUARE mEtERs)^ 
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Solar qvEM ti^ls^-^ g. A6&ot of the 

"SHmSOMlAW IMSTlTUTlOhJ COOK-ED M.EALS - - 
.USlf^G A SOLAR- POUj£R&,D OuEkJ AT HIS 
Sum OSsERMATORV Of* f-vOUfJT UJlLSOM^CALli=i*W^AL 




SOLAR PuRkjAcE FEEKJCfl SCIEjSJTIST 

fEL^X TRjDfAEE D£SltSk}£D TH'E WORL£)*S LAfoS£^T 
SOLAft RjP-NJACE . THIS FAC/LITV, LUMOSE OOO 
MIRRORS ARE fMSTALLED Oh} THE SlDE Of 

A £u/J-DlKiG, CAM REACM THE TEMP£RATl>R£ 
OF THE SuRf^CE^ lO.OQo" FAMREwHEjT- 

CABout 5,53a ° CEL^itJS^. 

SILICOM SOLAR CELL (l^l £H) ^ i; ERAlD PEARSOAJ, 
BARVL CHAPl/0 AmO CAU'IW FuLLER OF tELL - , 
LABORATORIES D£^ELDPEO TVtE pjRST - } 1-] 

Successful silicon Solar cell * this ' ■ 
dewelopmeajt led ti> the moDerm era 

OF PlAOTDVOLT Aia SOLAR PoyjER COMuERSlO^J^ . 

MiD-EA^T OfL CRISIS (l^^d^S)- THIE. d^ii CiRlfiiS^ 
OF THE 1*^")D'S STIMULATED 5 Ifi^J^FltdAJT MElU 
RESEARCH IfJ SoLAR E^oERSV- OLD KIAjDS oF- 
SOLAR .E^£R6Y SYSTEMS wER-E iMRRpw. 
AMD MEw; KiNiC>S WERE DE»/ELoP£Oh 




l_ THlrO-FjL^A SOLAR C^L Cl^fiO's) ~ M^^i 
, KlMOS OF SOLAR CELLS ^AwS. gEfirJ DEVELOP£0, 
6UT T^I^J-F/LM CEO-S OF SJLICOAJ Aj\JD OTHER 
SEMVCQMDUCTORS are AM£>Wt^ THE MOST 
ImPORtAmt, THEV ca^o EE MADE AS Fi-EXIBLE. 
SV^&ETS MUCH LARGER "THAAJ STANH>ARD 
. ,S)LLCOW SOLAR, CELLS- 
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-LjaR. 3Q>^jOD6^ooo^ooOjOOO^ooo^ooo^ODO^ooo ia/Atts^_ 

: M&^T^OF THIS RAPIATIOW IS COST TO SPACE 
-.(iKlLV A TIMV FftACTiOAl INTERCEPTED EY _ 

EAP-TR AaOD the OTHtR PLAw£tS. AccoROiW^ 
Tt-. TH£ SOLAR E^JE:R&V iWOuSTRlES ASSOdlATlOAl- 
C^ETA^ , Ai,L THE ELECTRICITY COUSfMED - 
^fbtE L;/JvTet> STATES COULD EEPftoviGED Sy,_ 
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6ijFe.fjE^tiE: ^tUe; luitjjsirj' bt! 3ufc_cf<aHT 

eETVjEEKl PtRlWELlOM {^CLOr,aSt Poimt). AfOp 
ftP^ELlOM CFARTtAE^T Poiwt) IS. AEcmT ic.1%. 

THE. SOt-AR C0M5TP.MT PoR..-T>te^!eiifiLiT, CAV 
,0.F . AmV MO.MTH- . - 
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JIBE. SaEAn AHOuwt op ZOKUGkT AT THE 
_rrpP OP EARTH'S ATMOSPHERE 15 CA£.^£D__ 

_tTHE Solar comstamt, m^asuREmemts 

-UAOt EV SEVERAL SATELLITES SHOIW TRiT ,._ 

_mE SOLAR cojsjsTAAJT js_i3&. S-^ujA-m^eR 

^SiLuAR^e CENTIMETER. . ,l.J.._:....Lj ] T ' I 





_|_SOLAR COWSTAMT AT EARTH* 





MULTtPLV T^+E MEAM ^oCf\K C0^)STAMT !_ 
il^lL^ WiTTS PER SauARE KETER OR_._ 
I3fc.a MiLL)WAT5 PER SauARc CEMTmETER) !_ 

6v rue CORRECTION mum6er$ im this TAElE 

.TO FiMD THE ACTUAL SolAR . I RRAU A^JC£ i3AJ 
.:THE. -l3i,VEM.. DATES^ 



SE- SOMLLtSHT ifJT^NjSiTY AT &ARtH VAf^IEk .L 



E.ECP^U^E EARTH'S ORBiT AROyMD THE Su>J 1^ . 



.SLI6WTLY ELLIPTICAL. THE MEAfJ DlSTA^JC£|_. 
f^.;OF E4RTW FRo/n THE SU^J t5 ^2^,^S7,lSO 
I.^IMILES Ci^'l, fii^OC^.OOO KiLOMETER.^) , IM 6ARLy___ 
. iIBwu.AP,V E^RTW is AEOUT 1^<^0OjC0O M^LES 
. C2,S15,000 KM^ CLOSER. TD THE SunI. IAj 

£^RLV IVLY EARTH 1^ AB6uT l.UQO. QQQ M/4£S _ 
XV&iS, OOO ViF-v^ PARTMER FROM JKt-iS^M- 
|45E.e. PRAtv^i/sJCr xiftJ .fACkftJ^. paseA 
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N£>V£kB£R 
D£cEM6fc.P., 



TERRESTRiAL P-AD^AtiOM^" ACADEMIC PRES5 

, . . 





.£)t.AMPLE: uiHAt '\i IHEisbW^S '^fi-RAD^AMck I 
AT THE TO? OF T>1E ATMOSPMERE OaJ AMV 1 ? ' 
THE IftflAQlAMCE OM M^V 1 1^ Of THEL 

.MEAW solar COMSTAaOT of 13tp6 MILLIUL'ATTS. 

PER. SQUARE CEkJT^METER. 0 . 98^1 ^ ■ 6 15 
,3if^t?Ll£. MtttAW/ATTS. PE,R.S(auAR>£-C6MTlWeT£&,, 
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|:::^suNLiGHT m the atmosphere"""' 

i 4 

1 , /VSOLA.^ CELL ON A SATELUte ReCEl^ES 
: - AT L£A^T 15?^ MORE SolAR. EwERGY ThKN 
. . lAH IDEt^TlCAL SOLAR CELL ONJ EAIiTK, FOR 

ExA^APLt^ At woow om julv i tr£ solaR. 

IRRPiblASJCE AT AL6LiaUEe.QUE^ MEXICO 
IS ASouT loo UiLLllUATTS PER Si^UARE GM^ 

CiOO Mrvyj/CM^) lf= WE ^"JW KioT BLOCKED 
A clduD. from the solar. CoMSTA/^T 

TABLE CP'S) THE iRRADiAMCE AT THE TOP 
oF TH£ ATMOSPHERE On TuLV 1 IS O.<^£a(»0-X 

13t7,a »v,\aj/Cm' or 132. Z »wW/Crt^^ THUS O/JiV 

I5.t^% OP THE imtEms^tv i?f= the Sunlight 

AT TH£ TDP of the ATMOSPHERE. REACHES 
ALBudJUERflOE DM TULV 1, ALeofli^ERQUt . 
IS ABOUT 1 MILE Cl.^ KILOMETERS) AEovE 
SEA L£i;e.L AmD the AiR oJ^tEm DRV, 
LESS SUMHSHT REACAES RE6iOajS WEARER 
5£A level, ESPEcmLLV yjMEW TH£ A^ft 
IS MOIST. KUCh LESS SumLiSHT IS RECEIVED 
EuER^LoHERE DuRlM<s ^AJl^JT£R Aw 0 yJMe^i 

cloijOs block the S^^Y. 

ARE £om£ Of TKE CHfEP FActORS 

THAT Affect sumligmt : 

1. UjATEft vAPoR . 02ONE AnjO OTHER <3iAS£S 

THE Atmosphere AEsoRB Suwci^^mt. 



SOM 



o 



sok\£ suml/gwt j$ scAttekeb iaj 

VJAR1005 OlRECTlOMS eV MOLECULES Cf 

AlR, TWIS IS RA^LE^gH SCATTERiAJS. 
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EARTH 



O'ZOME 
LAVER 



ujAtER 
VAPOR- 



ULTRp.viol£t And 

ORAKj^SE L^ciHT AaJD 
VARIOUS iroFl^ARED 
UJA^JELENSTHS 

water VAFtJR 
ABSORBS VARroos 
INFRARED ^A/Ayti£>i:TMS 











1 


1 




1 


1 ' 






1 




i 




_ J 
— 1 




; ~i 
1 


1^ 




1 J 
1 




, 


1 

— 1 






-1 




1 


^ 

1 


1 


— 

L 








1 






1 




1 ' 


1 1 






— "1 
1 






! 

■ J 1 


1 


1- 1 

1 




1 

h— 




r — 




] 


1 

y 






— < 






J 


■ — - ^ 




\— 

1 — 


, 1 










1 

— ■" ^ 



PARTI i-L£S- AM D 
DROPLETS IM THE ATMOSPHEfie. THAT CAn 
ABSORB CONSiDEftABLt SuwLHiHT afi SCATTER 
.11 BACH. iNiTQ ^PACE 
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,5- CLOUbS AR^E FORMED PROM. EnJORhojSi 
>^Uf^fi£RS OP TIWV ^AtER 0R.OPLET3 Oft. 
iCft^lSTALS, CLOUDS,- AfiSOAB ,^1? SWTtSR-U.'^*- 



t 



CIRRUS CLOUDi 
^g^oRE LESS 
SUNLIGHT TWftN_ ^_ 
CUMULUS CLOUt>$ ! ._!_. 1 



'jAuLliS- CLb.UD4_. 

CA^S ABSORB MtlSI^ 
t^fiHT IN A DlftECTt ! -! 

. Eeanv froka-the Sow 

^ ^^^^^^ 

' ^ ' r - 




iH-TKE T|LT.i.O.F[ TH£ EARTH CAysES SUMLlt^Tf 

;-n> PASS 7HROU6H MORE ATMaSiitf.ft£ . 0L^al!Nfi4- 
.FALL, ujiwtER And SPRVMQ- 
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LESS 




SUMMED I-.: 

1 TtiTit4±i+q-j 




TM05 9hLR£. 



:jSOLAR 
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^t.£CTa\ClTV FROM TK£ MOST 

-JCOkVMOW AwO BeST DEVELOPED SOLAR CELtS . 

_Ae.£ MAO£ PROM SiLicOW- 3jvsJC£ SfLfcoM 
_L,R)(ImS 21. ^7% OF £ART)^^S CRuST SILlcow 

' Solar cells are Potentially iwexp£wsiv£. 



_B*JT TR^ANiSPORMVMS SiLICOM IwTO SOLAP, l 

-pELLS AM EXPENSIVE PROCESS TWAT 



If Ev/ERI PHOTDM STllltl*06 A 9:>LAIL 

. b\SLObCjES AkJ £LECTll.O^Jj Tht C^L^. 

. .-mAWSPoRM WEARLN 100% QF THE M! 
^. THAT StRV^S it IJ^TD tLECTRvaiTY^ 
_L,At:TUAc EFFlCIEfOCV OF REAL So.LAR CEtt-SJ }_ 

J_.IS PROM ftBouT £ % Z0%,. Tt\£R& .AR4-I- 
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-HtquiReS CD*oSID£RA6L£.. ELECTRLCJliV^ 
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t£=MT COMS^STS OF PftCK£TS OF EnERSV 
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jLSOf^e UGHT IS REFLECTEiB 
wA^ FR©/H\ THt EROMt 
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.BLoCkED gViTtifi 
.Cow ' : I ' 



ttract free Electrons im tme sil^coaj, 

us RAMDGM MovEMEMT of £LGCTRO^JS 

CAM 8E COMVERTED iNiTO A FLDI/J oF 

-EcTROMS IF A Pw xUM^:r^o^J I5 
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EV PKOTOM5 Mb*,R THE PW, .J 
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h 4 



,SlD£ OF THE JufOCT/OW. TH£ RESULT 

.A Flouj of Electrical cu/?.r£wt iajheaJ 

_|Ll<SHT IS PR£SE^JT. TH£ LEvEL oF 

_^cuRREMT iM Amperes is directly 

^:PRoPort/ciajAl Tt^ iha lic-ht ^^3T£^JSJr>'. . 
__"m£ PdTEkjtiAL of th-E cuRR£mT Iaj iyOLT5 
^_1S UWGELATEO TD the Llt^MT iajtensitv, 

^JA TVPICAL ^ILICOM SOLAR CElL GeN£RAT£5 
-^O.H5 TV O-SS yoLT O/Retr— S.UAJM^.T.. 

cuRREMT, 
FLO\A) L 




OK OK r4o 



gEFoRE IT ft£iACB£S jTtlE 
CELL'S PW Juis*cTloH-Y [- 
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IISOLAR C£LLS DETECT OaJLY . 



: here; r^Ctntfcw) 



respon&e 
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SlLi.COW._.C£tL REAI45 

IM.THE wEAR.lWfRA* 
1 1 



3&o,..._yc« £0O uoo 100 eoo . ^00 
., ,^A.\/£LElkl-<aT>LO^i - ^ 
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jSiaCON SOLAR CELL RATIMGS^J 



LJIT IS IMPoHTftNT TO REj^O AMD UWOfR^TANB 
l^isoLAR CELL RATJ^J^SS^ £^PeciAti.V UJM£N th£. 

.-44_.f£aS AR£. TO g£ USED TO CHARGE A STORAGE 
-CE.LL OR B^TTetlV- 

'-ri-H4--i — -^r^-m-^rftt ^ 
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MOTE THAT "THE. UflLTAGE FZ_ATTEWS 
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.OPe./^ CIRCUIT CMQ LoMi. 



















ACR0S5 A SO-OWH ft£SISTOft 
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.^t|:^MCRE^s!^^G solar cell volta<3e 

-LuH&M SDi_AR CELLS ARE USED TD CMARG£ 
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__STORA6-E CELLS Oft. EAtt&FLi£S. "^El/ERAL i ! 

^ells Must be commected im SEdiES ro 
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Trf*iCAL SER-iES ARRAV.l 




[A;^TM>sj;6 OF: solAr: <ieu:S .-C£iw>i£i:.t£tLiU).. 

SER^es OR )^J PfKRALLEL C^Et gtCOU)) IS 
iCALlED A^J ARRAY. AlL TKE CELLS AAJ 
ArRAV SHOULb SE £QUA^LV ILLUmINJATED , 
,SHADiM(S OME CELL A ^S-KJOCT ARRAV 



DRoJ'P.ED ,TK£ pt- 
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XSO^ 




Its 
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T^\S GRAPA SHOVJS TVIE 
CURREhOT FROM A SiLlCOM 

solagl cell For a Raw^e 

OF LOAD kESlSTANCtS. 
THE SAn£ SOLAR CELL wjAS 
USED TD PRODUCE- THIS 
&R.APH AWD THE OWE OaJ 

THE FACIMS PAG£. OTHER 

CELLS WAV iliVL SOHEwHATI, 

t)»FF£REMT Rt^ULTS. . . 
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_10 ID 30 10 SO 6tO TO BD ,.^-il6a+ 

.LOAD ACROSS CELL COM^A.S)._i . J [ 

■ ^-4-:-- 
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.COWroECTJMG SOLAR CELLS PARALLEL 
iMCREAStS THE OuTPUT CuRREMH TKtS IS 
ESPECIALLY USEFUL UJHEM CHAR.GIMS lAR6£^ 
STOTiA<S£ e^TTE-RjES. 
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TVi?iCAL PARALLEL ARRAV-I- 




LAC>S. SOLOeRtMt^ t-£ADS TO CEiiS IS... 

I ]na.iPk\, guT Yoo CAM s^v£, MD/oey iP YOu AR£! 

jjUfLLlfOtS Ttj THE LEADS VouRSeCP , 

_Lt_JitScfLie£,[i ^^&Ra. ^Oi^AR, C££i^ AR£FRA6.'f4 



f_<__Lo\AJ- WAttA,<S£ leoM oF ABouT IS TD 30 ^ATTS, 
_1.JJ5£ O.OSZ" i/OtlW OR SUALL£fl R.O£^^J CORE 
SOLttE.. Do WOT USE ACiD-COftE SO^OER. 
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^u^RE miTlW THE TIP OF THE SOLDERlfO^ 
, , IRDhi, FIRST, ALLOWJ TK£ IROM TO EECOMt 
_IA0T £hiOU6M TO ME^T SO;.DE£. TMEW MECT 
_:SDlD£R OyER THE Tip OF THE 
^IROW, CAREFULLY 6R-USM OFF THE EXCE&S 

SOLDER lAJlTK A ^OFT CLOTH, AVOID SPLASH^M^ 

_:SOLDER OKi YOUR'SECF OR OTRER-S, A PRoPEELV 
_TriMN)ED TIP WILL APPEAR SMOoTR AmD SHImV- 
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FOLLOW TUE^E STEPS TO SOLDER l£>\DS 

ircS. A SOLAR, cell: .... 
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PlMD A S^AFE PLACE TO lAJd-Ek:, .JT 15 ; 
_^SPE£1jALLY IMPoRTAUT that TH£SDLD£R/m6 
.JJRoU^S POUJER CORD BE SAFELY PLACED. SO 
_!_B£ SuRa AM ELECTRICAL OUTLET (S WEARgV, 
--^^iiliillSH ' ^ ^^'^ S0LD6ftiMcS /ROM CA^J Sl'RaJ 
_i..jSfcljO_ OR. CL0THInSS! -- 



^/LlCoW 50i^AR CELLS MAV£ ELECTRODES 

ow gorn sjDts, the electrode omt>^eli6Mt^ 

_T_ SEW S ITIUE, UPPER SURFACE IS A TVAl^l SrRiP 
' METAL ALokJ^S Owe £D6£ OF THE CELL, 

■ pL^CF THE CELU yOlTH THE TOP Sl&E UPOW 
: V^UR V^JORK, SURFACE CA PlEcE Of SCRAP IWOOD 
^ jS SE^T^AmD gSEAPlEcEOF MASK^^JtS TAPE td 

H.-kpLp 1T.. .IM -PCACE .WJ.HILE . YOU SOLDER- 

iU-l I ; I ; - , . . i , , 4.^.^-,.,i 4 1 ^ 

■ I + J P 




WviEW tU£ SdLDERiMG iROW 15 HOT:, 

_:gekjtly -tdocw the ed^e of the tip to ow 

£MD OF TUt . UPPER E-LECTRODE, LIKETHIS".... 



UPPER 
ELE-CTftoDE 




'- -( - 1 — 



l4i..AF.T^£fe,-ft^.S£C0MD OR so., TOUCH THt EwD.; 
OF A lemSth of solder to where tme . ; 

SOLDERi^OtS iROW TOUCHES THE ElECtRoDE.. 
ALLoui SOhAE SOLDER TO MELT OJOTQ THE 
ELECTRODE. Awa .gLEMDli'.£i-JrHE.-;lftQM^...J.- 






5, REMOVE ABOUT WCH t^S *mm) oF THE. 

IhJSULATlOM FROM THE EWD OF SOMg 
WRfrPPlMfir VJIR£. PLACE TH£ EXPOTED End Of_._ 

THE WIRE AlokjG the TOP oF THE SOtDER THAT-- 

yov MELTED OMTO THE ELECTRODE AmI> r^Ehl\- 

6EWTLV PRESS THE 5CLD£RJ^J^ ;RO/J A-3Ai/jST4- 

THE WIRE AKiO REMELT THE SOLtiER . ouMEN.- 

tHE wjire pushes imto the moltEw sdlder,.^ 

MOLD THE UJIRE y£RY STJLL A/OD R£Mo\/£ 
THE SoLDERlKJt^ iRoM,.-: , 
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ftPTER THE SOL^R CELL COOLS , GEWTLS' 
REMoI/E THE TAPE, FLIP THE CELL Ol/ER. AMD 

TAPE ir I/O PLACE AGA!^1. Foluhw STEPS S-^; 

A&OUE TO SOLDER A LEWfSTH OF L0ftAPp/N3(3 _ 
WIRE TO THE SACK ELECTRODE-, AFTER THE i 
VJlRfc S^NiK^S IMTD THE MOLTEM SDLD££ , S£' 

SURE TO KEEP THE UJiRE uERV ST/-:.l UJHyLE. 
TH£ .SOi-D£B, .&QO.LS 
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1K1STALL£D IM VARIOUS KJnjDS OF PkOT£CTiV£ 

IslCLOSuRtS. BEST TO IMSTALC 

UWM0UMT6.D CELLS JfO AfO EMCi-OSuRE 
TO MOUNT THEM ON A PROTECTIVE PA^JEL- 
TWO MEtHOCiS TmT X RAW£ US£D AOt 



mNTAGES OF fV^OUMTED CELLS 





. %QLf\^ CELLS AR£ gRlTTi£ AwD 



: vAJiFie LE.ADS SGL£>eR£D TO A SOi_A£ CELL 

,_AR£ EASILY Pulled awjav. MOf^JT/^>G th^ 

;_C£LL WJiLL PRotaCT THE LEADS- 
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CLEAR 
PLASTIC 



SOLAR 
CELL- 





iOLAR CELL 
._;_X£A&5 



UwO&^TRUCTED 
VIEVW OF THE Su^J 
OR LIGWT SOURCE 



FOAM 
PLASTIC 

PiDLD5 
CELL IN 

_PCAce^ 
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A SC>LAR CELL SAfODVJi LIAED B£Tlu££M A fOAK 
,PLA$TIC CuSWon) A/^»D THE LiD DF A CLEAE 
PLASTIC Eox. VOU CAkJ ALSO SAwDwvcH THE 
_CELLCS) SETUJEEM THE L\b AND A PlASTiC OR, 

CARDeOARD LJNER IhiSEKT&D. -IM-TrtEj 

CEf^EMTEt) iNl PLACE- , 1 



— u 



I HAVE USED IMDIVIDUAL RADIOSHACk SOijljE.1- 

CELuS |^iSTALLED IKI PlASTIc EOXES A^ 
HtSWT SEMSORS WITHOUT EvER OAmAS*MS 
A CELL OR EREAkiW^ its LEADS. SERlES Ofi 
PARRLLEC AR.RA"^S OF C£LLS CAM BE ImStAlLED 
[K LARGER PLASTIC EOXES. SOLDEJ? THE CELLS 

to owe another yujth short let^st^s of 
ujrappimg ^ajire- secure tme cells in 
Place, as -shoujm oaj the facinj^ pa^e or 

O^E A LfN£R As DESCRIBED ABOVL. g£- 

SUftE THt CDMKIECTIOM WiRES MOT ELOCk 

..AM^ -OF. -THE .C^I|i.S..- ^.-1-.- 
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MOUNTING CELLS'OH A PANIEL" 



For m,amv vears i hawe used nof^EMAOE . 

SOLAR CELL PANELS TD CHARGE FLASHLl 

CELLS ON g;CYCL£,Tia.lPS-.,Ji£JlE.*-3-^-M0 
THEV ARE MADEi^L' * ' ^ I 




PLAC£ ft. 

Bead oF 
S^ucoNE 

CE^AENT 
CELLS 



CLEAR 4A,cR5?fcKL- 



f I 





TD 
MOuMT 

EATTERV 1- 
HOLDEI^ I 
AT &KJD 
G>f PANEL 



ii 



^OtAR 

CELL __ 
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. . . , ^ .. COlfjqEWTflATOft., IHCReASES ._ 

lX^ME frMOUMT OF HSMT COLLECTED BV A ^ 

] _i_ lSolar cell. cor^ceMTRATofts are best 

USED IM APPLICATIONS IN) WHICH ^olAR 
CELLS ARE DSED AS LIGHT SEM^oRS RjR 
^JA.^^JOUS CIRCUITS RJ^THERTHAM POVo£R 

^G£M£RAToRS, a COWCeMTPATOPl CAM ecoST 

;_I 'Tt^e PoyjeR FRoN\ A solar CELL ILLUMIWATED 

'T.ev su/^ci^MT. sljt cdaocemtrators are 

,.;..ijoT al^avs practical for THIS PuRfbse , 

SlNJC£ TUEV.CAhi CAUSE , A - -CELi^ TO BECCy^£ , 

_i_jD.v£RW£AT£a:- I 1 | : ' , -t-I — ' t i - J i-i 

I I ■ ■ . J J ^ ' . 
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'ARABOUC REFLECTOR 




TO 

eiectromk: 

..CIILCulT-,- 



TaSGE: P.LA^MUGWTS THAT USE REl^/AlEAgLE 

EuLes cAn) be used as CONCEmtRATORS 

_ foR^^OLAR CELLS. MOUMT TIAjO CELLS 

_Sack-to -EACR WITH Double sided tape, 
_Xonjmect the Plus leao of owe ^.ell to 

_Trt£ MEGATIVE LEAD THE SECOND CELL, 

LEkTEWD the RENAAIMIM& LEADS THROLkSM 




AM £KCELL£WT ; 
COMCEMTRATOR . 

POR. A Solar . 

, CELL. VJiTH LEhlS. 
_.]_.. A/^D TELL !NSrALt£4. 

THEREWiLL gE 
<!! .'j; _. .PLENTV Of SPACE 




' ' ' ^ 4 





THE LAMP OP£WlN3 6. USE AM ADHtSivE 
'to secure the CELLS i/OSlD£ THE 
TREFlECTOR. THE PLASHli<5MT CASE l^AS. 

^lEmt7 Of ROOM TO if^sTAi-c ^M^a'y K^NOS 

REFLECTOR 

/ \ 




fAlR Of e^CK'TD-SACK 




_J. TROUGH ^c^fl.itlEiLlstriic^c^ 



^BOX COMCENTRATORj 



CEM.ENT Solar ceuu 




^ LEADS.. TD LAMP-QPEKJlMia. 



Aluminum 
Foil or 

SHINY 



"make £ox from. pla^tp(l1oiLsm«xS6tj 
rest results 
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CELL BATTERY C MARGE RS" 



■7- 




ARE. THE MOST COMMOfO STOftft6£ EATT£RI£S< , 

.... IC6.R.TA1M /XLIiAUME , LlTHIU^A A^JCJ OTHER 
.^.jr'iPES CAw ALSO IS£ USED AS R£CHARCeA6t£ ..- 
.|,^:StoRAS£ gATTEftlES- WH£M CWARiSJMfi . | ; 
4—^ StoR^\<S£ GAtTERV VOu MuSF OSSERV^ 

l-.TB TrtE EATTERY DP- ONE OF ITS CEti-S, 

_ Ithese pR£cA^;Tlo^3S ^ill also c^reAtlv 

^DUCE. TH£ PoSSieiLlTV Of= FjRE OR. E\^£M 

£KpLOSlOM, WHICrt CAM OCCUR. IAJMEjM A 




^toflage cell ok satteryI storage cells 

HAVE a very LOU] fNJTERhjfliL RESISTANCE - 
TH^S KEAKiS THEV CAM PflOPUCa A VERY M^tSM 
CURREhJT IF THEIR TERMINALS ARE SHOftTEtt 




- -J. 
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STORAGE BATTERY PRECAUTIONS 

1. CHARGE QioLX CELLS Am5 BATTERIES, .. ,_ 
PESIC^MED to EE RECHARGED. CAUTtOM : 
_WE.^eR ATTEMPT TO CKARG£. OTMER MWDS 
..01^ gATT£Rl£s! TWEY MAY DVERKeAT, . . 
.JSWElL.AMD POSS^Bi-Y £XPLQD£- .. . . >,. ^- 

. . ; : ; . - ;.— L I 1 1 LJ. 

_ 2. WE^ER EKCEED TVIE M^^X(^A^JM. Ai-ibw£DL 
iCHARGlN)& CURRE.AJT FOR A STORAGE 
.{CELL OR EATTERY. IMSTEAD OF RtOuawS 
fTWE CHAR6IWS riME^ THE CELL OR TH£ 
SATtEPV A^Y EE RuiMEt.- 
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.Cft.CJ.TjdfJl..i -1. 

fiOT SHORT 



OF A STDRA-SE 




CELL 



^ATTERV 



UJfTH A MAfL, 

COiO , WETAL- 
FOIL Oft OTH.&EL 

Co hJDUCTOR^_L 



AmD 



3, CHARG-E Ml;lt/PLE STORAGE CEltS^JftJ. 



. r nh -. 



' + 1 
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KEEP EATTERlES AyJAY FROM. DlRGCT 
SUMLl(5»KT UJrtlLE BEIMG CWARGEb- 

F A BATTERY BECOMES HOT tuK>L£ eE^^3&. 
:CHARG£D^ IMMEDIATELY DtSCOWWECT IT ORj 
REMOvJt IT FROM T^^e SOlAR CHARGER 
AU-OUl IT TO -CQOL EtFoRE.. LKLM,£,. ^ T. 

i^-- 1 — . — 1 — L — : — L .J ■ J ■> — — . — 4. 





TERmvioALS of STORAi^E CE-LLS . . , 

eATT£.RvES. OTHER^PISE T>*£ TERM^MAi-S ._L 
M\*3HT BECOME AcClDEMTALLV SHoRTED 4 
TOGETHER. UjHEW PqssiElE, USE A^J . 

IN3SULAT&D BATTERY moldeR OR cow^apiokf. 

XLiPS W^TH IMSulAtECi leads. ' ' 



B* 1T*S BEST TD CHARGE MlCkEL CADMiUMi 
STORAGE CELL^ AMD SATTERIES WH£M THEY 

ARE FULL^ DISCHARGED- T^iS IWCRtAsES 
THE T^ME THESE CElLS \ajill FuMCTJOW 
.EETLWEtKi CHARGE S' i-i- 




.9, KJEU&R GUESS ABOUT TWE SpEci FfCATlOMS.-j 

OF A^l UMKMOWM OR U/^ir^ARt^-Eti jEATTERY. -}--. 

-THE SPECIFICATIONS OF BATTERIES SocD SV ! 

RAPiOSHAC^c ARE LASTED )M THE RRDlOSMAtlK^ 

CATALOG, y^v CA-^J FiwD T>tE SPECiF'C AT/OMS. 
Of BATTERIES VIA rH£ lwoRLD ^\D^ l^&E. 
SEGI^J VouR SEARCH 6V SELEcTlWt^ OWE 
OF me ^Aj£g SEARCH EMGfME.^. TYPE 
T>i£ MAWUPACTUR£R"*S WAM£ AfOD THt 
tMoRD ^'EATTERY" oR VellT. ItQ ^ARR-OW 
V&uR SEARCH. - ^ 
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CELL BATTERY CHARGERS 



jS£R.ieS O^^ SolAR. C£^LS ARt USED TO, 



-r- 



, ^AUST GEMe.RftT£ A SUGHTi.y ktcSHER 

_.ya£.TA6£. mAhi THAT OP TH£ SATTtP^V BElWG . _ 

CWAP-t^£D. kERE ARE THE fOUM££R OF SERIES:^. 

COMm£CT£D cells COMf-\OWLV tJSEO "TO CHAR.<5£j_ 

-SoMe- poPLJLAft EattERV cowfiGuRAnows; 




X-l'l-^Oi-T t^lCL.CtiL - H ^OLfKR CELLS 

i:^WDLTifriiU.:£^LSJRS£R.l£S— 9 SOLAR CELtS 

I 



Jl3^1i3LTitiADrAdl>. BATT£R> -St. SoiAR CEaS 




e^AA charger: 
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LYrtlS CIRCUIT WILL C'KARSe Z AA Mv oJ CELLSL 
IF Tl^e CELLS AR-E fULLV DrSCMARGED, SOLAR 
_|. COiS THAT g£mE&AtE SP TO ioO k^A -Ll'/lL-- 



Di Pft£y£MTS THE MlCA CELLS PR-OK . 
DI5CHAR.SIKXS T^lRoac^H THE SoLARCEcLS- 
2*^ _ , , - . 
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ZiSSLAR' BATTERV CHARGER TIPS 



ftATE., FOB .A, STORAee -HCgl.(„- J. ' 



L 



-;2UN.cR£A9eb: <iu.kJL£iw!r ! REbuce^S \.ci 

.rrtMi£.-:cttEck THE 6ATT£ftY^S SPECJPrcATfOW-^ 
_iTC3 F_|WCi-.TH.E MAX/MUM ALLOU/Afilfi CLiA&£Wr, 



-3-00 MOT USE A SOLAR ARfJ^AYi THAT 
t>EL\UER5 TOO Much CUR.RENT Tt? THE: 



SEVERAL TIMES A DAY REORjEWT A SOUlR 
PhMEL SD IT FACES TBESuk). ! 





S. SOLAR. CELLS WJORR g£^T U;H£N COOL. 
.A\JDID PLACIM6 A "SOLAfe PANEL Om SURFACES 
TlAAT gECOUE ^DT iNl SU/JCl6MT^ JucH AS 
_PAUEhi£MT. Ofc [JARk<- PAIMTED MEtAL. 

STp-R^ie SATTEEiES CAm SE MO.UUTED 
. THE SACk SIDE OF A SOLAR PAn£L. QuT 

THEV WOP-tC £EST VJWEM KEPT IM A Cooler 

III. I I - I 



___ . , , .. , -^^_[_J 



■m J 




you CAhJ KAEASUftE THE CufiREMT FROM. A 

SOLAR pamel ujith a Multimeter. 
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X. COMKJECT a KULT!M.ETEl^ SET TO MEASURE 
-C^fiREiOT BETUjEEM TW£ eL0CR/N)6 PJODEjAMD 

EATTERV SEIMS CMARGED> EE ^ufcg I 
_^TD 0ESEft-U£ POLAfeVTV, OR..-. . 

-4--. ... , . , . - J.. 1 — L.J.- 

_l2,_COWiOELT A ±-.Dl4M : ROUjER; Re.sil^T 
BEtloEEW TvAE &L0Ckl.W6' OiODE AWCi tut 
BATTERY BEiMS CrARGED. USE A MULTI-. 
METER TO MEASURE THE V0LTA&E(;_V) ACRDSiS 
_TWE RESISTOR Cft^. FROM OMM.'X LAW,..£luR8 
_LaUAL5 V/R Oft., lfsLT_hl,lS. .CA.S£_^J^ 
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nnSKEni' SOLAR- CELL IMTO SPACE 




_iSOLAEt CELLS S&MSlTWt TO OWLV PART 

,0F THE SOLAR SPECTRuiA, TH£R£P0R6 A SOLAR 
^_iCELL CAM hioT MEASURE TMe PQlu£R OP TM£ 

Xjotal amou>ot op sjmH6/^t At tme top of 
.^._,|[:H£ Atmosphere Ctwe solar coMSTA^Jr), £l^£^J 

LjlP VOU COULD TMkE 0M£ TH£fl£- 
i,.JACC0RDiN}6 TO SDLAREX, A UAIOR SOLAR. CEiij^ 



■ hA£^MLlFftCTUl^R^ A 'S,CLA^ CELL PEODUCeS 

^-jAEouT % MORE PdwjER i/^j SPAcE THj^ 



THArJ ; 

JTHE 5Am£- ceo. PROl^L^ces o^) EARTR . L£t,^3: 



JcALL THIS PEHFO^KiAf^ce. INCREASE. A 





























DO' 




MEED TD aecoME 


AW 
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...SOlAR cell uviLL PRODUCE, tf^ SPAcE. TH£,!Ip 
- METHOD tiESCRlBEO HERE UJILL R£y£AL fii ._l 

_:_;sdlAR. cell's sPA£c £F/=;c/EM:y FRom EaRTH. 

.FOLLOLAj THESE STEPS : 



i3J0£. wAv".lS-TO sA/kAp; THE'; %diJii . kiLL.^ol\^ _ 



iDF TM£ TlIB£ UjItH ALU^-MNJUM Po^L. , TAP£ [_ 
TH£ Foil TT3 THE SIDE OF THE TUgE . ££. Sd 
, IT Does KiOT. CoMjuecT TDt^^THER^, OR 
imet^-SOiLAB; CELL L£Aft£i. 




COklMECT THE SOLAR C£LL LEADS ACROSS 
J\ lOO-OHt^ RESISTOR, TAPE THE R&S^SToa , 
fT-biS^ ,S^DE -Of= ;rH£.TUg4^A5.,SB^feWK(_Lu_ 
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-jL^MDuwr A Solar cell at the Ef^ou 




Solar cell 
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SHOULD AT LEAST SjTfJBfisLdl J 



1— ^-l-jDt^OUM RESISTOR. TftPEu-l-SiJfciLtS^ 

HI I- — ^ 

.3. OKJ a CLEAR. DAV M^EASufLE THE yOLTA6e_',_ 
.ACROSS. THE, lOO-OHW RESVSTDR UJMEfJ THE 

TUet IS POIMTED DIRECTLY AT TV\£ SUaJ. THE 
TUSE. IS PRoPERlV POImTED LjUHEaJ ITS ^HADdvJ 

Disappears amd whem the voltage across 
rmt, loo-OHM resvsto^ reaches a peak. 

fMKE KG-ASUREKaEmTS FRoM EARLY MoHMlNJtS!. 
T^ MfCOM OR FROM MOOw 7D LATE Aft£R.W0OWh- 
\f YOU Do WOT HAVE IMTERWET ACC£S3 YouJ 
\AJ1LL KiEEti Tt) MEASURE THE MCLE OP TH£ i 
SU/^3 OVER THE HOfl.i2Of0 AT £ACK M£A^UREME^JT:4_ 
Re-CORD YOUR DATA /aJ A WOtEEDOK UkjDER. ^ 
THESE MEAD/Mfis; ..J_ 



U^E DoufiLE S/OeO TAPE To AttAcM A SAfiE 

_^.OLAR C£L^T0 a THiiSi CARDSoAaD DISK. USE 

OARkL TT^PE TO Attach the cell Ajsjd Ojsk.. 

TO THE EmD OP THE TUBE, ^LTE RjvjATI L^ELV 
INSTALL THE SOLAR CELL IK) A T>if^^ CLMR',., 

Plastic. Box and twpe the to tt^e 
ei^d of the tuse- ip the solar. cell 15. 

-LARGER TKAM d. THE EXPOSED PoRT lO/O -^|-^ 
, OF THE CELL MUST 6£ SHiELDED PROM LitSHT* ' 
^ 
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SKY coMtiTiow; Cclea.r'? SLuel?.)-]-]- 



SlGMAL 










































1 


1 


) 








J 


1 








1 - 












I 


1 

1 






' — 1 


1 














1 


1 


1 


1 — 1 




J ■ 




1 

1 


1 


1 




1 




1 


1 



[ 


1 1 
1 1 

H 


1 


h 




■ 


i j 


1 


1 


r 


1 




1 

1 1 








1 

-^ 


1 


t — ■ 
» — 






L ■ 


1 1 

1 


■ 1 


1 ' 




' 1 
. i — 



Atkospw£P.e 6&.TyjeeM you Amd the sua). 

tVi=l/5lMQ, UJWepe 0 IS rME A/s)^£-£ THE 
. . ^UN AE0V£ THt MORlZOM. FlWD m. FOR EAcH . 
Tir-\£. VOU MADE A MEA5JftEM£MT. USE. THE. Sw/J 
^MtSLES VOf M£ASLJR£D. OR l/is iT A SEARCH 

. . "5U^J AM£Si.£ CALCULATOR- " CH£CK THE LU£S 

StT£S AfOD SELECT A CACCutJcmfL Voo i.lK£* 

FOLLOUJ TK£ f/sJSTRUCTJOMS TO F-lf^O THE 
, . AM6LE FOR EACH TIME. CALCuUVTE M fOfL EAC^ 

; Am6C£ AnjD EMT^R TH£ REStXlS W VowR MoTE6ilX- 



S-O^E THE LM KEV ON A SC f£ KJ T I Pi C _4^^ 

cf^LcijLfKTQR TO corowERr thS sismALSj Yq|j. 

MEASURED TO TMElft KjATI>AAL L0<^ A R rHM,S. . 
EnHER the results 1N» VOUR MOtESOOK, .■_ 
KER.E AFLE SOME OF MY RESULTS'- 




DATt.: FEBRUAftY 2J, IS*^^ . 
LOCATrDNi: SEROMlHO CR££Kj TfXAS 
SkV COMDtT/OM: CLEAR *^Mf^ SlJE . 

observer: forsest m. mims he 



ME 



SIGNAL 



AiR 



-I - 



£j.GRAPM TME Laj of the SIGWALS AnD "mE/J^ 
,AlR MASSES, mere's MV GRAPH: 

TUVS CALLED A tAMC^itfy.. __ 
GRAPH JM KOMOR 0F_|_^ 





T 





IPTKE SkvrSjAS CLtAlR., TIJiEJ PoiMTS; SEtwEEf^ 

fthJ AIR MASS OF ABOJT 2 TP SHOULD FtJRfA 
A ^TRAlGMT LIME. bRAW A LINE THIl,OU<&H 
TKESE POlfsJTS AMD EXTEWG IT TO THE Y 

{vertical) ax^s of tke graph CAiR mass= 0), 

THE Lw OF TME SlSNAi. THE <oLAR C£LL 

ujill produce aeouE the Atmosphere, the. \ 

.cell's .£>cr&ATERK.ESTR[AL C^'ri. CQ^l STA6JT^.._| 

r I ' ' I I ' III 'I 




i | i jfl^ ! i PT conj^tAmt =lJoo5 F/^JDT>^£.. 

EXA.CT VALUE t^J^TH THE Llw£Ali 
RE^RESSioM FU^JCT/0^JOFA 

sc|E^JnF^:l calculator. 

,0R - COMPUTEfi . . 

..^pR-^APSfAEEjXi, 




iFi"^ 



7. U-SE TKt £^ KtN Of VOUR CALCULATOR TO 
COMUERT Tt\E Lw oF THE Ml^HEOT Sit^MAL AT_ 

OR KiEAR MOOhi AMD THE ET COMSTAWT TO . 
THEIR AWTlLOfSS- DiVlDE T>l£ ET CoMSTAaJT : 
SY THE MOOKi SIG.^JAL, SuETRACT 1 AMD ADp 
A % THIS IS THE SOLAR C£LL^5 SPACJ£ 

tFFICiEWCV^ THE JrOcftEA^E IM PEe-FoRMA^JCe _ 
THE CELL WILL PR-OUlDE W SPACE. THE SOLAR.. 
CELL X MEASURED KAS A s9Ac£ EFFICj£mcV Of 

.+ 10.'^[ %. THIS 13 ft^EA^ONJAELV CLOS£ TO THE 
^JH.UVo GWEW SY SOLAREX. SOME OF T^E 
DlFFEREMCe \% SecAuStTHE LAMaEYMEWD 
BEST VJirH A MAR-ROw eAWD OF ; _4 
WAVELENGTHS AMD A SOLAR CELL DETECTS 

FROK A^OUT HOO TO llOO W A MO M E TE R. S , . 

DiFF£R.£MCES ARE ALSO CAu'SED gV DiFFERlNfS. 
Amou/OTS of ujAtER VAPoR. ANiO HAZ£ 
WHESJ THE TESTS ^ERE COWDuCT£D- wAT£ft4_ 

VpvPOft. \S ESPEUALLY JM PoRTAnjT SlWcE _ LT.-^.^ 
ABSORBS 50nE MEAFL iNJj^RAaED TO 
.5..0.L.A_R. CELLS ARE . VERY SEfsiS 1 TJV.E- 
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lljCvR POWERED MOTORS 

SOLAR C^LL^. SOME MOTOfiS RtflUIftEOMCV A 

S\KiGLE CELL AMD ERVGMT SUAjLlSHT. MOST 

.&taulRe..A.hl- fiRR<^Y QF. SO£.AR .cfiUS 



BASIC sorAR" POWERED" MoToi?rr:: 




A S1M6LE SOLAR CELL GEWERATES 
EKJ0U6H CuRREWT TO POw£R 

CELLS ItO SEftiES iF MoR£ 
V0LTA6£ . IS RE^UJiiED.. _ 
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r^UGHER PGWER SOLAR MOTOR" 
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1 1 
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MOT 



r" 



.1 



A SOLAR ctLL ARRAY THAT PowERs A 
MOTOR OM A 6R,iGmT SUMMER DAY MAV 
PROyittE ADEtauATE PowER DuRlM6 WlMTfiR , J 
THIS CIRCUIT FEATURES TWO SERIES ARRAY^ 
COKJWECTED iNJ PARALLEL TO PROVIDE OolfEL£. 
TWE CURRENT PRODUCED BV A SlMGLE ARfiAt ' 
^FlDEM'HCAL 0.S V^OuT CELLS AR£ USED AmD 4- 
EACtA PRODUCES SO^AiM eR,\ GMT SONLlSRlL 
THEW TKiS ARRAV LU^LL PROUJDE U VOLTS 
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SI: ow 

.OFF 



\jOlts AT loo k^A Cat 50 A /cell) 

fp volts AT 50 a 
^ ^ ^. ^ ^ ^ 
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Power 
SWATCH 

3D . 



si 

0^ 



J 4- 





LDVAJ CUR-RtMT _ 
J>C MO- TOR- ,- L_' 



-I- 



T-: 



REVER£lBLErS:i 




A ft£UERS\aL£ SoLAti Po\;w£R£0 mJotoR .WAS- 
APPLiCATiOMS l^J RoeOTlcS AnJD TRACKlWcS:- 
THE Sl>M. the ROTATIOrJ OF TU£ MOTOR SEOdW 
IS COWTROLLEb ev WHICH 0*^ TL\;0 SOLAR ._ 

ARRAVS \S IllumiwAted. ujmem Eoth ARRAY: 
.ARE EQUALLV ILLUMlfOATED-i rKE.MOro.R. 
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1 h 







riTrnxix' 





TO ROTATE „Ci-QCfeWJlS£^. 



... illumiwAtim^itIiiS-.-^- 

.ARRA^ CAUSES TU£ MCkTOR.iJ- 

TO ROTATE COuWTER CiOCKWJ(S&— 1^ 



fTkoikR IV\OTOR"WITff:BSrTERVBKCkUP: 



r 
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EvEsJ A SRiEP iwrERRuPrtOM OP DIRECT . 
SUMUGHT WILL SLOUJ t3R EuEM STOP A,._ ^ 
S6LAR POWERED WOTOR. A <TORAGf RATTEf^Y-- 
COwtOECTED ACROSS £ MOTOR'5 SO LAR 

.CELL AR^ftAV iAJJLL PRoi/iDE 6AC<.UP POwES, , 
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Solar cell 

ARRftV Si 



CLOSE SI L 
FOR BACKUP 

s2_ . : 
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(irOHDOl ^ ETC.) 
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beoTtcs knsd control. tk£ circuits , 

_'5HO\jJM W£B-£ SlyrTCK SNMLL DC MOTOR.^ 
:_jCR OFF WITH SUMLIGHT, Som£ AR£ 50 . . 
[....SEM'SlTlve- TK£V CAM BE TR\&6£A£0 WITH A. 
I_^WU-L FLA$HU<SHT Ofe LASER. ftolwTER,.. 




4 I I 



TOWER"" FET' ^CTUATQR! 





rAOTOR WHEKJ Th£ 
le.PS'lO POUjER 
MOSFET IS SUriTCH£D 
OM IAJITK ASckJT ^. 
VOLTS FR.OM A 

SOLAR CELL AEIRA^.. 
THE IRPSiO CAM _ 



— r 



C>R1V£ A MOTOR. TH*C-i_ 
COWSOMES UP TO _L 
2. AKPS. +V 5H0aL[}_ 
WOT EXCEED TKE 

motor's RATIMS.L 



TRANSISTOR 

4- . +qv 



ACTUATOR 



4 JOLAR A 
J_4£tL ^ i 




32- 



__,"miS CJRCUIT 

U^ES A RE.V£rae_ ,__ 
BJASEP ?OtJsR. 
CELL TD S£WS£ 

LliiHT. Ri 
CdntR-OLS TWt 

USE C[g.CUlT i 

TO Actuate. ' 
MOTOR y^^t 



r 



•I 




4_f4 



A h 





K :po"we^:eet; actuator: t^: 



L- 4 - r X , ' h 4. ri. . 

^THIS-. CLB.Cuir!-\jlituJ 

N^OTOR \WKElsi THE 
iRFSiO POLftJtti MOSF£r!_|_. 

\S SUjitchED orsi BV 

THE WLTA6e Divioeii I .. 

FOP-WED EV TM£ SOLAEi., 
jCEll Awb ei. ADJUST^ 

RLTO COMffiOL SENSITIVITV^- 

IRFEIO WILL OR.^U$._. 
A Kaotor that corosoM£5U__U 
U? TO Z AMPERES- rtV- 

SHouLo WOT Exceed 

JHE f^OTOft'S RfsT^MS, 
JJSE SuwUGHT^ ^LASHLiCMZ 
■Oft U\S^Ci PC«I^-T£R- , 
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"QP AMP"-"POWER.XET.ACTUATp.Ri 

it 





:TtJas_.cnu:uiT Also sojitches a small. 6d 

MOTOR W^tH Am 1R.FSIO Ro^ER MOS^^eT. 
ADDlTlOMftL r^LEiiieiLlTV fS PROVIDED B> THE 
TL08I Op AMP. Rl CONTROLS T>^ESUJITCH( 
THRESHOLD AnD RL CONTROLS THE 6Al^i 
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"^OLAR CELL LIGHT METERS! 



— rH 




■r 



CELL IS LlWfiAR. WJTH RESPECT TO Ll&HT 
iroT£WS/TV. THIS M£AMS SOLAR CELLS MAfc£ 
excELLEMT S£MSoR5 Fo/^ Ll&HT M£t£RS. 

TMe applicatioms 5Ho\wm E£louj are fOR. 

UGhT Me.TER.S UADE: fROH A SoCAR c£LL 
^WD A RADlOSMACkL MulT(T£ST£R- 



-f- --r 



. LIGHT ^AETER (VOLTAGE TYPE) 




lO 



AMALOG OR DIGJTAL 
MULTirA£TE^ SETTO 



TWE UOLTAtS£ FRODUCGD gV A SOtAR CGLL 

IS LiNiEAR yoiTH fi^ESPECT TO L16MT 

iMTEWSirY TH^S ARRANGEMENT MEASURES 
T^A£ PfAOTO^UftREWT C^p) FROM A Soi_AR 
CELL, WHICH IS LINEAR, FRO^A 0^^\*^ LAW, 
TWE CURRENT THROUGH A RESISTOR, IS V/R. 

IF R.1 IS lO OMIHS AMD 7KE AcfiOSS 

Rl IS ViDLT, THEM Ip= 0.H2./10 OR 

D.OMt AMPERE CHikvA). 

I I I 
+ — " * 

LIGHT METER fCURREMT TYPE) 





























































PKOrDCUR(l.ENT 
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ilLlCOW 


SaLAR 
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SOLAR CELL.RADlOiVlETER: 



r T ]■■ r 




Ri'R"? APE , ~\ koM-' 
FEED BACK RtSASTSRS 




AMALD6 OR Dl&a^^L 

Multimeter set to 

MEASURE CuftE.ewT 




TmS RADIO keter 

kaEasures a very 

VOiDE RAM^E OF 
HGMT LEl/ELS. FOR 
BEST RE^^J.t-Tl.^. . 

IfsjsrALL ciRcurr . 

amo Solar cell 

^o Am Em<:losur£- 
KEEPS L£At)S TO 
_ BATTERY AAJO ei- 
.. R'? ShoRT.TO, , . 

^jAyojiOi .oiaiUjGxj-ow^ 

— . I ' ■ I I ' J 
iw' USE^ S£t' ^1 

ROTARV SujiTCH, 

TO LQWE-. r 
-SETTIfOG Oo), Wim 
50LAR CELL DAi^K^ 
^DTUST RS UKSTil- 

METER iMrjtcArES 

LO\AJ£S(T vOlTAgE. 
ALLc^J LiGMT TO 
iLLiJ/.iU JAtE SuLA^ 
CELL A^JD ADJU5T 
Si TO. -RAE MOST 
APPROPRIATE GAl/J. 



Multimeter 

SET TO 
MEASURE 

PC \;oltaG£ 
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TH^S ARRAhJGeMEMT 



3H 











r ^ 
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t 



TR£ GAIM Of THE HAD"Om£t£R EauALSTHE^ 

F££D£ACK resjstamce CRI-f^i). thus wjheaA 

IS SELeCTEO^THE RADIOMETER MuLTlpLftS iUB 

Solar CELL PmotocuRremt lO^ooo times. 
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SUNLIGHT ACTUATED RELAY , 



.rrwE SOLAR c£ll A.R.Rftv Must pR-o^ipe 

Of*£RAT£ TM£ RtLAV. THE ftRRAV „^ 

W£R£ vJ!LL Pull rw A Low — L. 

XyRREKlT' RtLM. WITH A >ro -^l/OLT COlC- 



"1^ " 



SOLAR 
CELLS 
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Similar) 



£XAKaPl£ : A '7-TD 9- I/OCT R£i4y 

ReauiRes FROM iH ToiB ceas. 

USE iMDl^JBuAi- C£tLS OR. COMw^t 
APPROPRIATE WUMeER Of SOLAR 
ARRAVS SeRj£S- 



IM THSTS of PRorOTVPe 
CIRCUIT, TH^ RELAY PULLED |i 
£u£ki WJHEW the AftRAY wAS 
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SEfOSfTI^/TV ADOUSTME^iTS 




P.ELAV 



Block PART oF TH£ ARJ^AV ^ITH A^0 OPAi3uE 
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POTe.NT*OM£T"fR 
D I RATED AT 

ARRAV. 



! 



LreH!r?S:CT U AT E D TR"^l|jC ±f 




A SOLAR CELL GEmERATES; A !EHCnDCUR R£*^T 
.WH£W ILLUMIMATED. THE ClR^CU^T SHOUJWJ . 
:H£RE AKAPUFltS THE CuRREMT FROM A ^iMiSt 

.SOLAR CELL AMD DRIVES A RELAY. T^t/s! i. 

CIlLCulT WJLL lAJORk VJITH A l^£RY SM^LL SOLA^i 

icEu- Akid will Respond to i/££v lowj 



r - 





,UJirK (SOOK LISMTS SU60UED, ADJUST R3, ONT/C 

|rM£ Rao LEO Just stops i3^,ouji\iiS ajsjo the 

!iSR££M led t^LOUJS. LlfSMT FRorl A Fi-ASRLl^Sf^T 

.WILL TP-\S<S£R TME- CIRCUIT AMD "THE REO LEO 

WILL G.i-ow;. TKt CIRCUIT WILL RS-SPOfriD TD AM 

LED ^ MATCH, CAmDLE daylight AMD A LASER. 

POINTER, $^W<1£ TV4e CIRCUIT RESPONDS TD.MAfljy, 
LIGHT SOURc£Sj WEVeR US£ it TD, C£0^JrftO(^ 

MAZAP«,OO.U5,THl^i-<&S <MA£BI'>J£RY^ ETC.) 
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BREAK-BEAM DETECTION SYSTEMS 

BRBAK-B£^M D£TECTrOhJ SV^tEMS DETECT 



I -J. — j- 



fi£LT AMD SWok£ TO CUSTOMtes I/O ^TOft£S^ 
ftMD gUfeGLARS, WJHEM A. LliSHT g£ AM IS . _ l_; 
(MTER-RuPTEDj THE SVST£M 5lu^T<ih£S AW 

iN-LIME MODE 



s 




Light sooRCt- -' :-i ., ^ j iR£C£iy£R 

REFLECTION MODE "rpM 





, REFLECTS 
, , LIGHT TO 

I- 



bNDSOF BREAK-BEAt\A SYSTEMS 

STEADV STATt ^ THE LiGMT SOuC-CE 



S A 



A ^teaov-state svstem c;^w be iMT£Rf=£R.£D 



th er A^o outside souR.cE, 
PULSEb— THE lh:ht is /3 Pulsed led^ A 



PJLSEO OutSI0£ Liah\T SDUECES,, 
38 



h —I - 



T t 




n 






;STEAm-STATE: BREAKrBEAN\ iS^TEM: 




;AW L£D whew STEAtW.USAInjJlLi-LlbtlLtllAEri 

■■me "ioLAR. cEu.. ^ I. !_4 -1 -J-.- 

■I- 4- 



TS. 




SE 
Oft USE ^ 




LED \/OLTAfi£ 
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